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57 ABSTRACT

A 5 Transistor Static Random Access Memory (5T SRAM) is
designed for reduced cell size and immunity to process varia-
tion. The 5T SRAM includes a storage element for storing
data, wherein the storage element is coupled to a first voltage
and a ground voltage. The storage element can include sym-
metrically sized cross-coupled inverters. A single access tran-
sistor controls read and write operations on the storage ele-
ment. Control logic is configured to generate a value of the
first voltage a write operation that is different from the value

(21) Appl. No.: 12/731,668 of' the first voltage for a read operation.
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902

Couple a storage element for storing binary data value to
a variable cell voltage VCELL and a ground voltage VSS

/904

Control read and write operations on the storage element
with a single access transistor

9006

Generate a first voltage of VCELL for a write operation
that is lower than the a second voltage of VCELL for a
read operation

FIG. 9
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LOW-POWER 5T SRAM WITH IMPROVED
STABILITY AND REDUCED BITCELL SIZE

FIELD OF DISCLOSURE

[0001] Disclosed embodiments are directed to Static Ran-
dom Access Memory (SRAM) cells. More particularly,
exemplary embodiments are directed to low power, high sta-
bility and smaller layout size architectures of 5 Transistor
(5T) SRAM cells.

BACKGROUND

[0002] SRAM is conventionally used in applications where
speed and low power are considerations. SRAM cells are fast
and do not need to be dynamically updated, as in the case of
Dynamic Random Access Memory (DRAM) cells. The struc-
ture of a conventional SRAM cell comprises two cross-
coupled inverters, conventionally formed from four Comple-
mentary Metal Oxide Semiconductor (CMOS) transistors.
The cross-coupled inverters form the basic storage element,
with two stable states which represent the complementary
binary values “0” and “1”. Two additional transistors, called
“access transistors”, serve to control access to the storage
element during read and write operations. Accordingly, a
conventional SRAM cell architecture involves six transistors,
and is generally referred to as a 6T SRAM cell.

[0003] FIG.1 illustrates a conventional 6T SRAM cell 100.
The storage element comprises transistors M1-M4. A write
operation on cell 100 is initiating by driving word line WL to
positive power supply voltage VDD. Access transistors M5
and M6 write the values on complementary bit lines into the
storage element. In a read operation, the complementary bit
lines are both pre-charged to a predefined value, which is
conventionally VDD. Once the word line is activated, the
complementary values stored in the storage element act to
discharge one of the bit lines, while the other is maintained at
the precharge voltage. Sense amplifiers (not shown) quickly
drive the values on the discharged bit line to ground voltage
VSS and the complementary bit line to VDD accordingly.
[0004] Due to process variation, the threshold voltage on
access transistors M5 and M6 may be mismatched, which
may lead to the value on one of the complementary nodes of
the storage element not being transferred correctly to one of
the complementary bit lines. In this scenario, itis possible that
the value so withheld from being transferred, may drive the
cross-coupled inverters to change their states to a spurious
value. This problem is commonly referred to as read instabil-
ity.

[0005] Similarly it is possible that a high threshold voltage
on the access transistors may make it difficult to drive the
values on the bit lines onto the storage element in a write
operation. The writability of the SRAM cell is said to be low
in such cases. It will be recognized that these and other
problems are associated with conventional 6T SRAM archi-
tectures.

[0006] 5T SRAM architectures have been explored in the
past, in order to overcome some of the drawbacks associated
with 6T SRAM structures. In general, 5T SRAM cells com-
prise a singlebit line and an access transistor as opposed to the
complementary bit line pair and two access transistors fea-
tured in 6T SRAM cells. For example, ST SRAM structures
have been presented in Hiep Tran, “Demonstration of 5T
SRAM and 6T dual-port RAM cell arrays”, IEEE symposium
on VLSI circuits digest, 1996, pp. 68-69, (hereinafter,
“Tran”), which is incorporated in its entirety herein.
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[0007] FIG. 2 illustrates a memory array according to Tran,
comprising 5T SRAM cells. With reference to FIG. 2, a read
operation is initiated by driving one of the word lines WL-
WL, high (i.e., positive power supply voltage, VDD). Write
enable WE is driven low (i.e., ground, VSS), which in turn
drives WEX high, turning transistor M, S on. This causes the
source terminal of transistor M1 to be driven low, via pass
transistor M, S. During a write operation, again, one of the
word lines is high. In this case, write enable WE is high, and
WEX is low, causing M,,S to be turned off, and the source
terminal of transistor M1 to be connected to capacitor C,,...

[0008] Based on the foregoing discussion, it will be appre-
ciated that the SRAM circuit of Tran suffers from additional
transistors (for example, M, S and the inverter for generating
signal WEX), and capacitors (C,,.) per column of the SRAM
array. Since C,,.. is connected to transistor M1 of all cells in
the same column, the writability and stability of the storage
element of the 5T SRAM are sensitive to the capacitance of
C,,... Further, this additional capacitance causes degradation
of write time to the cells, rendering the ST SRAM circuit of
Tran slower than conventional 6T SRAM structures.

[0009] Another reference directed to 5T SRAM structures
is Ingvar Carlson et al., “A high density, low leakage, 5T
SRAM for embedded caches” IEEE ESSCIRC, September
2004, pp. 215-218 (hereinafter, “Carlson”), which is incor-
porated by reference in its entirety, herein. FIG. 3 illustrates
the 5T SRAM structure proposed by Carlson in 180 nm
technology. Carlson attempts to overcome problems of write-
ability and read instability by precharging bit line BL to a
precharge voltage Ve wherein the value of Ve lies between
the positive supply voltage and ground, VDD and VSS.
[0010] During a read operation, the cell voltage V__,,, and
the word line voltage V5, are driven to VDD, and the bit line
is maintained at V.. The value of V,,_ is such that, the bit line
voltage is low enough not to cause contentions and spurious
writes with the values stored in the storage element of the
SRAM. A write operation of “0” into the storage element is
achieved by driving the bit line voltage to VSS (while driving
Vi andV ;10 VDD, as in the case of a read operation). The
strength of access transistor M5 is configured such that the
value of “0” (corresponding to voltage VSS at the bit line) can
be easily driven into the storage element.

[0011] However, a write operation of “1” needs special
consideration in Carlson. While V__,; and the word line volt-
age are at VDD, the bit line voltage is driven to VDD. In this
case, the voltage that appears at node Q, as shown in FIG. 3 is
VDD-V,,s, where V. is the threshold voltage of access
transistor M5. In order for a write operation of “1” to be
successful, node Q is required to be driven all the way to
VDD, in spite of the reduced voltage value of VDD-V,, ¢
which appears at the node. The transistors M1-M4 are resized
as shown in FIG. 3, in order to overcome contention with the
values stored in the cross-coupled inverters, and accomplish a
write operation of*‘1”. Unfortunately, such unbalanced sizing
of the transistors is detrimental to ease of layout, and results
in anincreased layout size of the SRAM bitcell. In fact, the ST
SRAM of Carlson may result in a layout size that is larger than
conventional 6T SRAM circuits because additional circuitry
is required to generate V ,_that is lower than VDD to avoid an
invalid write of “1” during read operations. Further, as pro-
cess variation increases with technology scaling, the 5T
SRAM of Carlson is rendered highly unstable, because asym-
metric and unbalanced inverters are highly vulnerable to
threshold voltage mismatch in the respective transistors of the
cross-coupled inverter.
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[0012] Another drawback of Carlson is seen in the case of
halfselected cells. Half selected cells are SRAM cells, whose
word line is selected, but bit line is unselected (bit line voltage
is a floating VDD value). Conventionally, SRAM cells in
columns of the memory array that do not contain a selected
SRAM cell, are half selected. In half selected cells, if the
transistor strength of access transistor M5 is high enough, a
write of “1” may be forced into the storage element. The
unbalanced transistor sizes of Carlson make the SRAM cir-
cuitry more susceptible to such invalid write operations.
[0013] As described previously, one of the expected ben-
efits of 5T SRAMs over 6T SRAMs is a smaller layout size.
However, due to additional capacitors and unbalanced tran-
sistor sizes, this benefit is not realized in Tran and Carlson.
Moreover, these schemes suffer from read instability and low
writeability. Accordingly there is a need in the art for 5T
SRAM circuits with lower layout size than conventional 6T
SRAM circuits and also improved read stability and write-
ability.

SUMMARY

[0014] Exemplary embodiments are directed to appara-
tuses and methods for 5T SRAM cells featuring low power,
high stability and smaller layout size.

[0015] For example, exemplary embodiments are directed
to an SRAM comprising a storage element for storing data,
wherein the storage element is coupled to a first voltage and a
ground voltage, an access transistor to access operations on
the storage element, and control logic configured to generate
avalue ofthe first voltage for a write operation that is different
from the value of the first voltage for a read operation.
[0016] Another exemplary embodiment is directed to a
method of forming an SRAM comprising coupling a storage
element for storing binary data value to a first voltage and a
ground voltage, controlling access operations on the storage
element with an access transistor, and generating a value of
the first voltage for a write operation that is different from the
value of the first voltage for a read operation.

[0017] Yetanother exemplary embodiment is directed to an
SRAM comprising storage means for storing data coupled to
a first voltage and a ground voltage, access means for con-
trolling access operations on the storage means, and control
means to generate a value of the first voltage for a write
operation that is different from the value of the first voltage
for a read operation.

[0018] Another exemplary embodiment is directed to a
method of forming an SRAM comprising step for coupling a
storage element for storing binary data value to a first voltage
and a ground voltage, step for controlling access operations
on the storage element with an access transistor, and step for
generating a value of the first voltage for a write operation that
is different from the value of the first voltage for a read
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings are presented to aid in
the description of the various embodiments and are provided
solely for illustration of the embodiments and not limitation
thereof.

[0020] FIG. 1 illustrates a conventional 6T SRAM cell.
[0021] FIG. 2 illustrates a ST SRAM circuit according to
the reference Tran.

[0022] FIG. 3 illustrates a ST SRAM circuit according to
the reference Carlson.

[0023] FIG. 4 illustrates a 5T SRAM cell according to an
exemplary embodiment.
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[0024] FIG. 5 illustrates a memory array comprising 5T
SRAM cells according to an exemplary embodiment.

[0025] FIGS. 6A-B illustrate butterfly transfer curves
(BTCs) of Static Noise Margin (SNM) of 5T SRAM cells
according to the reference Carlson.

[0026] FIGS. 7A-F illustrate BTCs of SNMs in standby,
write and read modes of operation based on Monte Carlo
simulations of 5T SRAM cells according to an exemplary
embodiment and according to the reference Carlson.

[0027] FIG. 8 illustrates a table providing comparisons of
various parameters of exemplary embodiments and conven-
tional 6T SRAMs.

[0028] FIG. 9 illustrates a method of forming a ST SRAM
cell according to an exemplary embodiment.

DETAILED DESCRIPTION

[0029] Aspects of the invention are disclosed in the follow-
ing description and related drawings directed to specific
embodiments. Alternate embodiments may be devised with-
out departing from the scope of the invention. Additionally,
well-known elements will not be described in detail or will be
omitted so as not to obscure the relevant details of the dis-
closed embodiments.

[0030] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.
Likewise, the term “embodiments” does not require that all
embodiments include the discussed feature, advantage or
mode of operation.

[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of various embodiments. As used herein, the sin-
gular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises”, “comprising,”, “includes” and/or “including”, when
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0032] Further, many embodiments are described in terms
of sequences of actions to be performed by, for example,
elements of a computing device. It will be recognized that
various actions described herein can be performed by specific
circuits (e.g., application specific integrated circuits
(ASICs)), by program instructions being executed by one or
more processors, or by a combination of both. Additionally,
these sequence of actions described herein can be considered
to be embodied entirely within any form of computer readable
storage medium having stored therein a corresponding set of
computer instructions that upon execution would cause an
associated processor to perform the functionality described
herein. Thus, the various aspects of the invention may be
embodied in a number of different forms, all of which have
been contemplated to be within the scope of the claimed
subject matter. In addition, for each of the embodiments
described herein, the corresponding form of any such
embodiments may be described herein as, for example, “logic
configured to” perform the described action.

[0033] Asdescribed previously, prior art 5T SRAM circuits
suffer from sensitive stability and slower write time due to
C,,.. and significantly low stability due to unbalanced transis-



US 2011/0235406 Al

tor sizing in the storage element. Exemplary embodiments are
directed to 5T SRAM circuits with balanced transistor sizing
within the storage element, lowered cell voltage during write
operation, and slightly increased access transistor size. FIG. 4
illustrates an exemplary 5T SRAM circuit with access tran-
sistor M5 and storage element 402 comprising transistors
M1-M4. The transistor sizes of M1-MS are as indicated in the
figure. Transistor width (W) of access transistor M5 is larger
than conventional access transistor size (W=110 nm in the
embodiment of FIG. 4, as compared to conventional W=90
nm). The length (L) of transistor M5 is retained at a conven-
tional value (=90 nm). The transistor sizes of PMOS tran-
sistors M2 and M4 are balanced (W=90 nm, [.=70 nm), and
similarly, the transistor sizes of NMOS transistors M1 and
M3 are balanced (W=140 nm, L=70 nm).

[0034] The ST SRAM circuit 400 of FIG. 4 comprises three
modes of operation: read, write and standby modes. The
operation of circuit 400 will first be described in the read
mode. The SRAM cell is selected by driving the word line
voltage (V; and V_,;; to VDD. The bit line voltage (V5;) is
held at a floating VDD. A voltage of VDD on the word line
causes transistor M5 to be turned on, and because Vg, is
floating, the binary values held in the storage element can be
read easily without contention. Accordingly, the possibility of
a spurious write is also eliminated or substantially reduced in
the read mode.

[0035] Next, the write mode will be described with refer-
ence to FIG. 5. PMOS transistors M6 and M6' are connected
as shown to form cell voltage control logic in order to reduce
the cell voltage V__;; to voltage VHOLD (V) during a write
operation. For example, M6 is connected to V,, when
enabled by a VDD-SEL(6) signal (active low as illustrated)
and M6' is connected to VHOLD during a write operation and
is enabled by a VH-SEL(6) (active low as illustrated). How-
ever, it will be appreciated that the foregoing configuration is
provided merely for illustration and should not be construed
as limiting the control logic and/or voltage supply configura-
tion for V__;,. Other control logic and/or voltage source con-
figurations could be used to achieve the described function-
ality.

[0036] VHOLD can be configured to be less than VDD.
Further, the value of VHOLD can be visible to all the cells
connected to the selected bit line of the SRAM memory array.
Accordingly, writeability of the SRAM cell can be improved.
For example, in a write operation of “1” or “0”, the bit line
voltage Vg, is driven accordingly, and the access transistor
MS enables a write to the storage element with the stored
values, because the lowered cell voltage V__,, (=VHOLD)
causes the strength of the access transistor M5 to be greater
than the strength of the storage element.

[0037] It will be appreciated that the SRAM cells in other
columns of the memory array are not selected, and their bit
lines are floating during a write operation on the selected
SRAM cell. As described previously, these are half selected
cells in the prior art circuits are susceptible to invalid writes.
However, according to the various embodiments, such as
illustrated in FIG. 5, the respective control circuits of the half
selected cells can be configured to couple V_,,, to VDD. For
example, as illustrated PMOS transistor M7 can be activated
(e.g., VDD-SEL(7)) to supply voltage VDD as the cell volt-
age V_; of half selected cells. By this technique, the corre-
sponding storage elements are supplied a higher cell voltage
in the half selected cells, than in the selected cells. Since the
bit line voltage, V5, of half selected cells is floating VDD, the
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storage elements are at a stronger voltage potential, thus
preventing or reducing invalid writes caused by the floating
bit line. Accordingly, exemplary embodiments mitigate the
problem of invalid writes in half selected cells.

[0038] Once again, it will be appreciated that the foregoing
configurations are provided merely for illustration and should
not be construed as limiting the control logic and/or voltage
supply configuration for V_,,. Further, the control signals
(e.g., VH-SEL(x)) for activating the cell voltage control logic
can be provided by any means that can achieve the function-
ality described herein.

[0039] The third mode of operation is the standby mode. In
the standby mode, access transistor M5 is turned off by driv-
ing the word line voltage down to a ground voltage (VSS).
The bit line voltage is maintained at the reduced voltage
value, VHOLD. The cell voltage V __;, is adjusted to VHOLD,
using PMOS transistors such as M6' and M7'. In this mode,
there is no read or write operation possible to the storage
element. Further, because all switching activity is prevented
in this mode, significant power savings can be achieved by
maintaining the memory array in standby mode when there
are no pending reads or writes.

[0040] The stability of exemplary 5T SRAM circuits
described above is evaluated in terms of a static noise margin
(SNM). In general, SNM of an SRAM cell is the minimum
DC noise voltage required to flip the state of the storage
element. FIG. 6A illustrates a butterfly transfer curve (BTC)
of the SNM of Carlson, for an 180 nm process. This BTC
reveals that the SNM of Carlson’s 5T SRAM is about 50%
lower than that of a conventional 6T SRAM, which reflects
poor stability. Moreover, the values significantly degrade as
the technology scales down. Generating the BTC using a
HSpice simulation of Carlson’s circuit in 65 nm technology
reveals the graph of FIG. 6B. As can be seen from FIG. 6B, the
SNM of'the 5T SRAM circuit is only about 20% of that of'a
conventional 6T SRAM. This indicates that the prior art 5T
SRAM circuits are highly unstable.

[0041] FIGS. 7A-F illustrates the stability of exemplary
embodiments in comparison to Carlson. FIGS. 7A-C illus-
trate BTCs of SNMs in standby mode, Hold Static Noise
Margin (HSNM); SNM in write mode, Write Static Noise
Margin (WNM); and in read mode, Read Static Noise Margin
(RSNM), based on Monte Carlo simulations of 5T SRAM
cells according to an exemplary embodiment. HSNM
increases with the value of VHOLD. RSNM is proportional to
the strength of pull down transistor M1 (see FIG. 4) divided
by the strength of the access transistor M5. WNM is propor-
tional to the strength of access transistor M5 divided by the
strength of pull up transistor M2.

[0042] FIGS.7 D-F illustrate the transfer curves of HSNM,
WNM and RSNM based on Monte Carlo simulations for the
5T SRAM cell of Carlson, scaled to 65 nm technology. These
comparative illustrations reveal that the scheme of Carlson is
very susceptible to process variation, because of unbalanced
transistor sizes, and exhibits very low stability in deep sub-
micron technology.

[0043] Thetable of FIG. 8 provides comparisons of various
parameters of exemplary embodiments, with corresponding
parameters of conventional 6T SRAM cells, described in
Arnaud, et al., “A Functional 0.69 um*Embedded 6T-SRAM
bit cell for 65 nm CMOS platform.” IEEE Symposium on
VLSI Technology, 2003, pp. 65-66 (hereinafter, “Arnaud”).
Bitcell size, power consumption, and operating times of an
exemplary 5T SRAM circuit are compared with the 6T
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SRAM circuit of Arnaud for 256 rowsx256 columns array. As
illustrated in FIG. 8, the size of the exemplary 5T bitcell is
about 10% lower than the size of the 6T bitcell in Arnaud. On
the other hand, since conventional 5T bitcells (such as the 5T
SRAM of Carlson) have asymmetrical inner coupled invert-
ers, the size of such conventional 5T bitcells are about 5%
greater than the size of 6T bitcells. However, because the
conventional 5T SRAMs cannot achieve proper yield due to
significantly high probability of failure, they have not been
considered for comparison of power consumption and oper-
ating times in FIG. 8.

[0044] With continuing reference to FIG. 8, the 5T SRAMs
according to exemplary embodiments have half the gate load-
ing (single access transistor M5) for the word line WL com-
pared to 6T SRAMs, during read and write operations. Dur-
ing a read operation, one of the two bit lines of selected cells
in 6T SRAM arrays is always discharged to “0,” but on the
other hand, the bit line BL of selected cells in the exemplary
5T SRAM arrays is discharged only if the stored binary data
value is ‘0’. Accordingly, exemplary 5T SRAMs can achieve
around 47.1% power savings compared to 6T SRAMs during
read operations.

[0045] During write operations, one of the two bit lines of
selected cells in the 6T SRAM array is always driven to “0,”
but on the other hand, bit line BL of selected cells in the
exemplary 5T SRAM arrays is driven to “0” only during a
write of “0”. However, additional VCELL toggling power is
required for cells connected to the selected bit line BL in
exemplary embodiments. Taking the additional VCELL tog-
gling power into account, the exemplary 5T SRAM can
achieve on the order of 46.9% power savings compared to 6T
SRAMs.

[0046] Inholdor standby mode, leakage power is the domi-
nant factor in power consumption. [Leakage current exists in
the exemplary ST SRAMs only if the stored binary data value
is “0”. However, leakage current in 6T SRAMs always exists,
independent of the binary data value stored. Accordingly, the
exemplary ST SRAMs disclosed herein achieve around 6%
leakage power savings, compared to 6T SRAMs.

[0047] Further, read times for exemplary 5T SRAMs are
around 10% lower than read times for 6T SRAMs since the
strength of the access transistor M5 of exemplary ST SRAM
bitcells is increased to improve WNM as described above.
Write times of exemplary 5T SRAM bitcells are about 10%
longer than write times of 6T SRAMs. However, the longer
write times may not affect performance of exemplary 5T
SRAM bitcells because operating times of bitcells are con-
ventionally limited by read times.

[0048] Accordingly in view of the foregoing disclosure, it
will be appreciated that an embodiment includes a Static
Random Access Memory (SRAM) comprising a storage ele-
ment (e.g., 402, FIG. 4) for storing data, wherein the storage
element is coupled to a first voltage (Vcell) and a ground
voltage (e.g., Vss). The SRAM further includes an access
transistor (e.g., M5) to access operations on the storage ele-
ment. The SRAM further includes control logic (e.g., M6,
Mé', FIG. 5) configured to generate a value of the first voltage
for a write operation that is different from the value of the first
voltage for a read operation.

[0049] It will be appreciated that embodiments include
various methods for performing the processes, functions and/
or algorithms disclosed herein. For example, as illustrated in
FIG. 9, an embodiment can include a method of forming a 5T
SRAM cell by coupling a storage element for storing binary
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data value to a first voltage (e.g., variable cell voltage
VCELL) and a ground voltage VSS (block 902), controlling
read and write operations on the storage element with a single
access transistor (block 904) and configuring control logic to
generate a value of VCELL for a read operation that is higher
than the value of VCELL for a write operation (block (906).
[0050] Accordingly, exemplary embodiments advanta-
geously provide smaller layout sizes as compared to prior art
5T and 6T SRAM circuits. Aspects of the various embodi-
ments are also directed to significantly improved read stabil-
ity and writeability compared to Carlson. By eliminating one
access transistor as compared to 6T SRAM structures, the
static power of disclosed 5T SRAM circuits is lower. As
described previously, the dynamic power of disclosed
embodiments is also significantly low, due to reduced cell
size and elimination of one bit line and one access transistor
as compared to 6T SRAM cells.

[0051] Those of skill in the art will appreciate that infor-
mation and signals may be represented using any of a variety
of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

[0052] Further, those of skill in the art will appreciate that
the various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally in terms
of their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the invention.

[0053] The methods, sequences and/or algorithms
described in connection with the embodiments disclosed
herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-ROM,
or any other form of storage medium known in the art. An
exemplary storage medium is coupled to the processor such
that the processor can read information from, and write infor-
mation to, the storage medium. In the alternative, the storage
medium may be integral to the processor.

[0054] Accordingly, an embodiment can include a com-
puter readable media embodying a method for forming low
power 5T SRAM circuits with high read stability and easy
writeability. Accordingly, the various embodiments are not
limited to illustrated examples and any means for performing
the functionality described herein are included in the various
embodiments.

[0055] While the foregoing disclosure shows illustrative
embodiments, it should be noted that various changes and
modifications could be made herein without departing from
the scope of the invention as defined by the appended claims.
The functions, steps and/or actions of the method claims in
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accordance with the embodiments described herein need not
be performed in any particular order. Furthermore, although
elements of the disclosed embodiments may be described or
claimed in the singular, the plural is contemplated unless
limitation to the singular is explicitly stated.

What is claimed is:

1. A Static Random Access Memory (SRAM) comprising:

a storage element for storing data, wherein the storage

element is coupled to a first voltage and a ground volt-
age;

an access transistor to access operations on the storage

element; and

control logic configured to generate a value of the first

voltage for a write operation that is different from the
value of the first voltage for a read operation.

2. The SRAM of claim 1, wherein the value of the first
voltage for a write operation is lower than the value of the first
voltage for a read operation.

3. The SRAM of claim 1, wherein the access transistor is
coupled to a word line and a bit line, such that the access
transistor is turned on by driving the word line to a supply
voltage, and turned off by driving the word line to the ground
voltage.

4. The SRAM of claim 3, wherein during a read operation,
the word line is driven to the supply voltage, the bit line is
floating and the first voltage is driven to the supply voltage.

5. The SRAM of claim 3, wherein the control logic com-
prises a first p-channel transistor coupled to the supply volt-
age and a second p-channel transistor coupled to an interme-
diate voltage, wherein the value of the intermediate voltage
lies between the ground voltage and the supply voltage, such
that during a write operation, the word line is driven to the
supply voltage, the bit line is driven to a voltage value corre-
sponding to the data to be stored, and the first voltage is driven
to the intermediate voltage.

6. The SRAM of claim 5, wherein during a standby mode
of'operation, the word line is driven to the ground voltage, the
bit line is driven to the intermediate voltage and first voltage
is driven to the intermediate voltage.

7. The SRAM of claim 1, wherein the storage element
comprises a first inverter cross coupled to a second inverter,
such that the first inverter and the second inverter are balanced
in size.

8. The SRAM of claim 7, wherein the first inverter com-
prises a first p-channel transistor and a first n-channel tran-
sistor, and the second inverter comprises a second p-channel
transistor and a second n-channel transistor, and wherein a
size of the first p-channel transistor is equal to a size of the
second p-channel transistor, and a size of the first n-channel
transistor is equal to a size of the second n-channel transistor.

9. The SRAM of claim 7, wherein a size of the access
transistor is correspondingly increased to improve a write
noise margin parameter associated with the balanced sizes of
the first inverter and the second inverter.

10. The SRAM of claim 1 integrated in at least one semi-
conductor die.

11. The SRAM claim 1, further comprising a device,
selected from the group consisting of a set top box, music
player, video player, entertainment unit, navigation device,
communications device, personal digital assistant (PDA),
fixed location data unit, and a computer, into which the
SRAM cell is integrated.
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12. A method in a Static Random Access Memory (SRAM)
comprising:

coupling a storage element for storing binary data to a first

voltage and a ground voltage;

controlling access operations on the storage element with

an access transistor; and

generating a first voltage value of the first voltage for a

write operation that is different from a value of the first
voltage for a read operation.

13. The method of claim 12, wherein the value of the first
voltage for a write operation is lower than the value of the first
voltage for a read operation.

14. The method of claim 12 further comprising:

activating the access transistor to couple the storage ele-

ment to a bit line during the read and write operations,
wherein a gate of the access transistor is coupled to a
word line.

15. The method of claim 14, during a read operation, fur-
ther comprising:

driving the word line to the supply voltage;

floating the bit line; and

driving the first voltage to the supply voltage.

16. The method of claim 14, further comprising: coupling
a first p-channel transistor to the supply voltage and coupling
a second p-channel transistor an intermediate voltage,
wherein the value of the intermediate voltage lies between the
ground voltage and the supply voltage, and wherein during a
write operation, driving the word line to the supply voltage,
driving the bit line to a voltage value corresponding to the data
to be stored, and driving the first voltage to the intermediate
voltage.

17. The method of claim 16, further comprising during a
standby mode of operation, driving the word line to the
ground voltage, driving the bit line to the intermediate voltage
and driving the first voltage to the intermediate voltage.

18. The method of claim 12, wherein the storage element
comprises a first inverter cross coupled to a second inverter,
such that the first inverter and the second inverter are balanced
in size.

19. A Static Random Access Memory (SRAM) compris-
ing:

storage means for storing data coupled to a first voltage and

a ground voltage;

access means for controlling access operations on the stor-

age means; and

control means to generate a value of the first voltage for a

write operation that is different from the value of the first
voltage for a read operation.

20. The SRAM of claim 19, wherein the value of the first
voltage for a write operation is lower than the value of the first
voltage for a read operation.

21. The SRAM of claim 19, wherein the control means is
configured to generate an intermediate value, wherein the
value of the intermediate voltage lies between the ground
voltage and a supply voltage, such that the first voltage is
driven to the intermediate voltage during a write operation.

22. The SRAM cell of claim 21, wherein during a read
operation, the access means is turned on and coupled to a
floating voltage, and the first voltage is driven to the supply
voltage.

23. The SRAM of claim 21, wherein during a write opera-
tion, the access means is turned on and coupled to a voltage
value corresponding to the data to be stored, and the first
voltage is driven to the intermediate voltage.
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24. The SRAM of claim 21, wherein during a standby
mode of operation, the access means is turned oft and coupled
to the intermediate voltage and the first voltage is driven to the
intermediate voltage.

25. The SRAM of claim 19, wherein the storage means
comprises a first inverter means cross coupled to a second
inverter means, such that the first inverter means and the
second inverter means are symmetrical and balanced in size.

26. The SRAM cell of claim 25, wherein the access means
is adjusted to improve a write noise margin parameter asso-
ciated with the balanced sizes of the first inverter means and
the second inverter means.

27. The SRAM of claim 19, wherein the SRAM is inte-
grated in at least one semiconductor die.

28. The SRAM of claim 19, further comprising a device,
selected from the group consisting of a set top box, music
player, video player, entertainment unit, navigation device,
communications device, personal digital assistant (PDA),
fixed location data unit, and a computer, into which the
SRAM cell is integrated.

29. A method in a Static Random Access Memory (SRAM)
comprising:

step for coupling a storage element for storing binary data

value to a first voltage and a ground voltage;

step for controlling access operations on the storage ele-

ment with an access transistor; and

step for generating a value of the first voltage for a write

operation that is different from the value of the first
voltage for a read operation.

30. The method of claim 29, wherein the value of the first
voltage for a write operation that is lower than the value of the
first voltage for a read operation.

31. The method of claim 29, further comprising:

step for activating the access transistor to couple to a word

line and a bit line, such that the access transistor is turned
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on by driving the word line to a supply voltage, and
turned off by driving the word line to the ground voltage.

32. The method of claim 31, during the read operation,
further comprising:

step for driving the word line to the supply voltage;

step for floating the bit line; and

step for driving the first voltage to the supply voltage.

33. The method of claim 31, further comprising: step for
coupling a first p-channel transistor to the supply voltage and
step for coupling a second p-channel transistor an intermedi-
ate voltage, wherein the value of the intermediate voltage lies
between the ground voltage and the supply voltage, and
wherein during a write operation, step for driving the word
line to the supply voltage, step for driving the bit line to a
voltage value corresponding to the data to be stored, and step
for driving the first voltage to the intermediate voltage.

34. The method of claim 33, further comprising during a
standby mode of operation, step for driving the word line to
the ground voltage, step for driving the bit line to the inter-
mediate voltage and step for driving the first voltage to the
intermediate voltage.

35. The method of claim 29, wherein the storage element
comprises a first inverter cross coupled to a second inverter,
such that the first inverter and the second inverter are balanced
in size.

36. The method of claim 35, wherein the first inverter
comprises a first p-channel transistor and a first n-channel
transistor, wherein the second inverter comprises a second
p-channel transistor and a second n-channel transistor, and
wherein a size of the first p-channel transistor is equal to a size
of the second p-channel transistor, and a size of the first
n-channel transistor is equal to a size of the second n-channel
transistor.



